WHARF MINE
LEAD, SOUTH DAKOTA

SINGLE CELL SELENIUM LEACHING MODEL

Area - Portland Pit

INPUT BLOCK

INFILTRATION Total Drainage Area: 27.4|ac
Unreclaimed Infiltration Rate: 9[in/yr
Reclaimed Infiltration Rate: 4.5]in/yr

LEACHABLE SELENIUM Average Se Concentration: 0.159|mg/kg
Leachable Se: 0.070|%
Leachable Se Concentration: 0.01113|mg/kg

TIME Start Time yrs 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
Time Step yrs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
End Time yrs 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00
Calendar Year year 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
TIME DEPENDENT DATA  |[Infiltration Rate in/yr 9 9 9 9 45 45 9 9 45 45 45 45 45 45
Barren Rock Backfill Added tons 336,011 2,961,898 1,213,009 1,022,915 0 0 0 0 0 0 0
Spent Ore Backfill Added tons 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Cumulative Backfil tons 336,011 3,297,909 4,510,918 4,510,918 4,510,918 4,510,918 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003

CALCULATION BLOCK
DATA BLOCK VARIABLE | FORMULA UNITS | 2001 [ 2002 | 2003 [ 2004 | 2005 [ 2006 | 2007 [ 2008 | 2009 [ 2010 | 2011 [ 2012 | 2013 [ 2014 |
[INFILTRATION [inflow from Infiltration A |drainage area x infiltration rate ft® 893,717| 893,717 893,717 893,717] 446,859 446,859 893,717 893,717] 446,859 446,859] 446,859] 446,859] 446,859] 446,859]
WATER:ROCK RATIO Backfill B tons 336,011 3,297,909 4,510,918 4,510,918 4,510,918 4,510,918 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003
Water C A x conversion factor L 25,307,254 25,307,254 25,307,254 25,307,254 12,653,627 12,653,627 25,307,254 25,307,254 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627
Rock D B X conversion factor kg 304,824,061] 2,991,813,100] 4,092,236,372| 4,092,236,372| 4,092,236,372| 4,092,236,372|  3,164,263,349|  3,164,263,349| 3,164,263,349| 3,164,263,349| 3,164,263,349| 3,164,263,349| 3,164,263,349| 3,164,263,349
Annual Water:Rock Ratio E C/D Lkg 0.083022 0.008459 0.006184 0.006184 0.003092 0.003092 0.007998 0.007998 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999
Cumulative Water:Rock Ratio F E + previous year F Lkg 0.083022 0.091481 0.097666 0.103850 0.106942 0.110034 0.118032 0.126030 0.130029 0.134027 0.138026 0.142025 0.146024 0.150023
LEACHED CHEMICALS Cumulative Leached Chemical G 1.45 x F*%2 % 0.8347592 0.8529343 0.8654109 0.8772872 0.8830200 0.8886254 0.9025755 0.9158086 0.9221814 0.9284036 0.9344829 0.9404267 0.9462417 0.9519341
Cumulative Leached Chemical H G x leachable chemical concentration mg/kg|  9.29087E-03|  9.49316E-03| _ 9.63202E-03|  9.76421E-03| _ 9.82801E-03| _ 9.89040E-03 1.00457E-02 1.01929E-02 1.02639E-02 1.03331E-02 1.04008E-02 1.04669E-02 1.05317E-02 1.05950E-02
Annual Leached Chemical I H - previous year H mg/kg|  9.29087E-03| _ 2.02288E-04 1.38864E-04 1.32183E-04] _ 6.38068E-05] _ 6.23873E-05 1.55265E-04 1.47284E-04]  7.09298E-05]  6.92524E-05] _ 6.76631E-05] _ 6.61547E-05] _ 6.47210E-05] _ 6.33565E-05
Annual Leached Chemical J I1xD mg 2,832,081 605,209 568,266 540,925 261,113 255,303 491,300 466,045 224,440 219,133 214,104 209,331 204,794 200,477
OUTFLOW Water Out K C L 25,307,254 25,307,254 25,307,254 25,307,254 12,653,627 12,653,627 25,307,254 25,307,254 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627
Water Outflow Rate L K x conversion factor gpm 12.72 12.72 12.72 12.72 6.36 6.36 12.72 12.72 6.36 6.36 6.36 6.36 6.36 6.36
Average Chemical Concentration M J/K mg/L| 0111907866 _ 0.023914455] _ 0.022454665] _ 0.021374302] __ 0.020635401 0.020176301 0.019413404]  0.018415456]  0.017737246] _ 0.017317798] _ 0.016920352|  0.016543155] _ 0.016184642]  0.015843404




14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00 34.00 35.00 36.00 37.00

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003
2015 [ 2016 | 2017 [ 2018 | 2019 [ 2020 | 2021 [ 2022 | 2023 [ 2024 | 2025 [ 2026 | 2027 [ 2028 | 2029 [ 2030 | 2031 [ 2032 | 2033 [ 2034 | 2035 [ 2036 | 2037 |
446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859|
3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003
12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627
3.164,263,349| _ 3,164,263,349] _ 3.164,263,349| _ 3,164,263,349] _ 3.164,263,349] _ 3.164,263,349| _ 3,164,263,349| _ 3.164,263,349| _ 3,164,263,349] _ 3.164,263,349] _ 3.164,263,349| _3,164,263,349| _ 3.164,263,349| _ 3,164,263,349| _ 3.164,263,349| _ 3.164,263,349| _3,164,263,349| _ 3.164,263,349| _ 3,164,263,349] _ 3.164,263,349] _ 3.164,263,349| _ 3,164,263,349| _ 3.164,263,349
0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999
0.154022 0.158021 0.162020 0.166019 0.170018 0.174017 0.178016 0.182014 0.186013 0.190012 0.194011 0.198010 0.202009 0.206008 0.210007 0.214006 0.218005 0.222004 0.226003 0.230001 0.234000 0.237999 0.241998
0.9575097 0.9629737 0.9683312 0.9735868 0.9787448 0.9838093 0.9887840 0.9936725 0.9984782 1.0032041 1.0078533 1.0124285 1.0169324 1.0213675 1.0257360 1.0300404 1.0342826 1.0384646 1.0425885 1.0466560 1.0506688 1.0546287 1.0585371
1.06571E-02] _ 1.07179E-02] __ 1.07775E-02] __ 1.08360E-02] _ 1.08934E-02] _ 1.09498E-02] __ 1.10052E-02] _ 1.10596E-02] _ T.11131E-02] __ 1.11657E-02] __ 1.12174E-02] __ 1.12683E-02] __ 1.13185E-02] __ 1.13678E-02] __ 1.14164E-02] __ 1.14643E-02] __ 1.15116E-02] __ 1.15581E-02] __ 1.16040E-02] _ 1.16493E-02] __ 1.16939E-02] __ 1.17380E-02] __ 1.17815E-02
6.20559E-05] _ 6.08148E-05] _ 596290E-05] _ 5.84947E-05| __ 5.74086E-05] _ 5.63675E-05] _ 553686E-05| _ 5.44092E-05  5.34870E-05| _ 5.25998E-05] _ 5.17454E-05| _ 5.09222E-05] _ 5.01283E-05] __ 4.93621E-05| __ 4.86222E-05] _ 4.79071E-05] _ 4.72156E-05] __ 4.65465E-05| _ 4.58987E-05] _ 4.52712E-05] _ 4.46629E-05| __ 4.40730E-05] __ 4.35005E-05
196,361 192,434 188,682 185,093 181,656 178,362 175,201 172,165 169,247 166,439 163,736 161,131 158,619 156,195 153,853 151,591 149,403 147,285 145,236 143,250 141,325 139,458 137,647
12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627
6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36
0.015518177] _ 0.015207815] __ 0.014911284] __ 0.014627645] __ 0.014356042] _ 0.014095697] _ 0.013845896] __ 0.013605987] __ 0.013375372 0.0131535] _ 0.012939864] __ 0.012733995] __ 0.012535462] __ 0.012343864] _ 0.012158831] __ 0.011980016 0.0118071] __ 0.011639783] _ 0.011477789] __ 0.011320857] __ 0.011168744] _ 0.011021222 0.01087808




37.00 38.00 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 58.00 59.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

38.00 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00 53.00 54.00 55.00 56.00 57.00 53.00 59.00 50.00

2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060

45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45 45

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003
2038 [ 2039 | 2040 [ 2041 | 2042 [ 2043 | 2044 [ 2045 | 2046 [ 2047 | 2048 [ 2049 | 2050 [ 2051 | 2052 [ 2053 | 2054 [ 2055 | 2056 [ 2057 | 2058 [ 2059 | 2060 |
446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859] 446,859|
3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003 3,488,003
12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627
3.164,263,349| _ 3,164,263,349] _ 3.164,263,349| _ 3,164,263,349] _ 3.164,263,349] _ 3.164,263,349| _ 3,164,263,349| _ 3.164,263,349| _ 3,164,263,349] _ 3.164,263,349] _ 3.164,263,349| _3,164,263,349| _ 3.164,263,349| _ 3,164,263,349| _ 3.164,263,349| _ 3.164,263,349| _3,164,263,349| _ 3.164,263,349| _ 3,164,263,349] _ 3.164,263,349] _ 3.164,263,349| _ 3,164,263,349| _ 3.164,263,349
0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999 0.003999
0.245997 0.249996 0.253995 0.257994 0.261993 0.265992 0.269991 0.273990 0.277988 0.281987 0.285986 0.289985 0.293984 0.297983 0.301982 0.305981 0.309980 0.313979 0.317978 0.321977 0.325975 0.329974 0.333973
1.0623956 1.0662055 1.0699684 1.0736854 1.0773579 1.0809871 1.0845740 1.0881198 1.0916256 1.0950924 1.0985211 1.1019128 1.1052682 1.1085883 1.1118740 1.1151259 1.1183450 11215319 1.1246874 1.1278121 1.1309068 1.1339721 1.1370087
1.18245E-02] _ 1.18669E-02] __ 1.19087E-02] __ 1.19501E-02] _ 1.19910E-02] __ 1.20314E-02] __ 1.20713E-02] __ 1.21108E-02] __ 1.21498E-02] __ 1.21884E-02] __ 1.22265E-02] __ 1.02643E-02] __ 1.23016E-02] __ 1.23386E-02] __ 1.23752E-02] _ 1.24114E-02] __ 1.24472E-02] __ 1.24826E-02] _ 1.25178E-02] _ 1.25525E-02] _ 1.25870E-02] __ 1.26211E-02] __ 1.26549E-02
4.29448E-05] _ 4.24051E-05] _ 4.18806E-05] __ 4.13707E-05] __ 4.08748E-05] __ 4.03923E-05| __ 3.99225E-05| __ 3.94651E-05| _ 3.90195E-05] _ 3.85852E-05] _ 3.81618E-05| _ 3.77489E-05| _ 3.73461E-05| _ 3.69529E-05| _ 3.65691E-05] _ 3.61943E-05] _ 3.58281E-05| _ 3.54703E-05| _ 3.51205E-05] _ 3.47786E-05] _ 3.44441E-05] _ 3.41169E-05 _ 3.37968E-05
135,889 134,181 132,521 130,908 129,339 127,812 126,325 124,878 123,468 122,094 120,754 119,448 118,173 116,929 115,714 114,528 113,370 112,237 111,131 110,049 108,990 107,955 106,942
12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627 12,653,627
6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36 6.36
0.010739116] _ 0.010604144] _ 0.010472988 0.01034548] _ 0.010221466] __0.010100798] __ 0.009983337] __ 0.009868951] __ 0.009757517| _ 0.009648918] __ 0.009543042] __0.009439784] _ 0.009339045| __ 0.009240729] __ 0.009144747| __ 0.009051013] _ 0.008959447] __ 0.008869971 0.00878251] __0.008696996] __ 0.008613362 _ 0.008531543] __0.008451479




